Abstract 3-Substituted and 3,4-disubstituted pyrroline nitroxides containing an ethynyl 20 group or two ethynyl groups were achieved by the reaction of a paramagnetic aldehydes with dimethyl (1-diazo-2-oxopropyl)phosphonate (Bestmann-Ohira reagent). The new compounds containing an ethynyl group were found to be useful building blocks in Sonogashira coupling, cyclization, and cycloaddition reactions producing potentially "azido-specific" cross-linking spin labels, paramagnetic ligands, and polyradical scaffolds. 25
INTRODUCTION
Nitroxides are stable free radical species with wide applications across a range of scientific disciplines including material science, biophysics, molecular biology, and 30 medicine. [1] Nitroxides are often applied as initiators for the preparation of functional and complex polymers, [2a] oxidants in organic chemistry in their oxoammonium form, [2b] spin labels in surveying structure of biomolecules, [3] building blocks for organic magnets, [4] and dynamic nuclear polarization agents in NMR spectroscopy, [5] just to mention but a few. The alkyne and terminal alkyne are functionally widely used in organic synthesis, pharmaceutical science, material science, and bioorthogonal chemistry. [6a] This functionality is also found in acetylenic natural products.
[6b] The importance of ethynyl substituent containing nitroxides has also emerged in recent decades; they have been used for spin labeling of nucleic acids by Sonogashira coupling, [7] synthesis of nanometer-sized paramagnetic oligomers, [8] modification of biomolecules
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by azido-alkyne dipolar cycloaddition (click reaction), [9] and construction of biradical species in Sonogashira and Glaser coupling reactions. [10] In our laboratory we used Grignard reaction, [11] Sonogashira cross coupling, [12] and elimination of the corresponding 1,2-dibromoethanes [13] to produce paramagnetic acetylenes. An ethynyl group formation by dimethyl (1-diazo-2-oxopropyl)phosphonate (Bestmann-Ohira reagent, 45 abbreviated as BOR) [14] in the presence of the ambiphilic nitroxide moiety would be a useful, quick, and simple procedure, as it requires ambient temperature, K 2 CO 3 base, dry methanol, and 1-2 h reaction time. To achieve ethynyl substituted pyrroline nitroxide 2a from aldehyde 1a with BOR can be considered more advantageous compared to our earlier, time-and reagent-consuming procedure via paramagnetic diene 3 [24] and 50 dibromide 4 [13] (Scheme 1). We hypothesized that this reagent would be the only solution for synthesis of certain paramagnetic compounds, such as 3,4-diethynyl pyrroline nitroxide and 3-hydroxymethyl-4-ethynyl pyrroline nitroxide. Our aim was to increase the repertoire of accessible paramagnetic acetylenes capable for paramagnetic modification of biomolecules with Sonogashira cross-coupling or azido-alkyne click reaction.
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RESULTS AND DISCUSSION
To introduce the ethynyl group into pyrroline nitroxides, we tested the reaction of dimethyl (1-diazo-2-oxopropyl)phosphonate [14] with various paramagnetic aldehydes 1a-e [13, [15] [16] [17] to furnish the corresponding acetylenes 2a-e under mild conditions, for example, stirring the 1.1 equiv. BOR and the paramagnetic aldehydes in the presence of 2 equiv. K 2 CO 3 in anhydrous methanol at room temperature. Fortunately, during the carbon-carbon formation reaction the nitroxide function remained intact. The yield changed from good to moderate, and from 1a [15] aldehyde we got 2a 3-ethynylsubstituted pyrroline nitroxide, [13] from aldehyde 1b [13] we could synthesize the 3,4-diethynyl-pyrroline nitroxide 2b, a bis-azidospecific cross-linking 65 nitroxide, and from 4-phenyl-3-formyl-pyrroline nitroxide 1c [12] we got the 3-ethynyl-4-phenyl-pyrroline nitroxide 2c. The 3-hydroxymethyl-4-formyl-pyrroline nitroxide 1d [16] furnished the 4-ethynyl-3-hydroxymethyl-pyrroline nitroxide 2d and from paramagnetic picolyl aldehyde 1e [17] we got the paramagnetic 2-ethynylpyridine 2e (Table 1) . We tested the new acetylene compounds with 1,3-dipolar cycloaddition reactions, [18] Sonogashira coupling reaction, and functional group transforming reactions. The reaction of 3,4-diethynyl pyrroline nitroxide 2b with octylazide in the presence of CuI (0.6 equiv.) in dimethylsulfoxide (DMSO) yielded 3,4-bis (triazolyl)pyrroline nitroxide 5. Sonogashira coupling of compound 2b with paramagnetic vinyl iodide 6 in triethylamine-piperidine-dimethylformamide 75 (DMF) mixture [8] in the presence of CuI, PPh 3 , and Pd(PhCN) 2 Cl 2 furnished triradical 7, giving seven bands in EPR (see supplementary material) but with poor yield (9%) (Scheme 2). This compound was prepared for further EPR studies, Q1 but its utilization as molecular magnet also can be considered.
The treatment of alcohol 2d under Appel reaction conditions [19] with PPh 3 and 80 CBr 4 in CH 2 Cl 2 produced allylic bromide 8, which was converted to 3-acetylene-4-azidomethyl-pyrroline nitroxide radical 9 in aqueous acetone with 2 equivalents NaN 3 . The 1 H NMR spectra data with four bands at 4.01, 3.31, 1.41, and 1.37 ppm; the 9 signals in 13 C NMR spectra; and the azido band (2100 cm À1 ) suggest that neither intramolecular nor intermolecular 1,3-dipolar cycloaddition reactions 85 have occurred during the thermal conditions of nucleophilic substitution. As functional groups remained intact during synthesis, compound 9 can be regarded as a stable azide-acetylene cross-linking spin label reagent. Further nucleophilic substitution of compound 8 with excess NaSSO 2 CH 3 in aqueous acetone gave compound 10 as a thiolspecific [20] and azido-specific cross-linking spin label (Scheme 3).
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Compounds 9 and 10 contain nonactivated acetylenes, but water-soluble Cu(I) complexes [21] holding N-heterocyclic carbene might lead to a breakthrough in the bioconjugation of nonactivated acetylenes as well. The Sonogashira reaction of paramagnetic 2-ethynyl pyridine 2e with 2-iodobenzaldehyde furnished compound 11, and cyclization in ammonia solution 95 in MeOH in the presence of AgOTf catalyst [22] with microwave heating gave the paramagnetic 2,2 0 -dipyridyl analog 12, as a paramagnetic ligand (Scheme 4). Although several paramagnetic ligands with phenanthroline and 2,2-dipyridyl moieties were published earlier, [23] to the best of our knowledge it is unprecedented that the nitroxide moiety is annulated with one of the complex-forming rings, 100 decreasing the mobility of the spin label unit. The complex formation of compound 12 with Cu 2þ in acetonitrile was studied spectrophotometrically. Referring to the band at 351 nm (increasing with Cu 2þ concentration) we have found K ¼ 13 dm
À3
=mol association constant, and saturation occurred at 2:1 ligand=metal ratio (see the supplementary material). 
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CONCLUSION
The application of Bestmann-Ohira reagent was extended to the synthesis of various acetylene-containing paramagnetic building blocks with new C-C bond formation, but without alteration of the nitroxide moiety. The resulting new building blocks offered access to various scaffolds: cross-linking spin label reagents, a ligand, 110 a triradical, and a bis(triazole) substituted nitroxide.
EXPERIMENTAL
Melting points were determined with a Boetius micro-melting-point apparatus and are uncorrected. Elemental analyses (C, H, N, S) were performed on Fisons EA 1110 CHNS elemental analyzer. Mass spectra were recorded on a Thermoquest GF 254 . Compounds 1a, [15] 1b, [13] 1c, [13] 1d, [13] 1e, [16] 2a, [17] 3, [24] 4, [13] and 6 [25] were prepared according to published procedures; other reagents were purchased from Aldrich or Alfa Aesar. The BOR was purchased from Tokyo Chemical Industry or prepared according to Ref. 14b .
General Procedure for Conversion of Aldehydes to Acetylenes (2a, 
SUPPLEMENTAL MATERIAL
Full experimental details and
1 H NMR (of compounds 2c, 2d, 5, 9, 11), 13 C NMR (of compound 9), EPR (of compound 7), UV-vis (of compound 12), MS (of compounds 2c, 2d, 2e, 5, 7, 8, 9, 10, 11, 12) , and IR (of compounds 2c, 170 2d, 2e, 5, 7, 8, 9, 10, 11, 12) data can be accessed on the publisher's website.
